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PROCEDURES FOR EMPIRICAL DETERMINATION OF EN-ROUTE CRITERION LEVELS

Michael H. Moncrief

SWRL Educational Research and Development

ABSTRACT

En-route Criterion Levels (ECLs) are defined as decision rules for .

4

predicting pupil readiness to advance through an instructional:Sequence.-

This study investigated the validity of present ELCs in an indivic14zed.

mathematics program and tested procedures for empirically determining

optimal ECLs. Retest scores and subsequent progress were validating

criteria. .Results indicated empirical data canidentify more efficient

ECLs than thoseestablishea'a'priori. To justify the cost involved,'

however, Such data should be collected bythe instructional"designera

during the formative evaluation field test of a program, using automated

data processing and multiple-maf-rix sampling techniques.

Paper presented at the 1974 AERA Annial Meeting (Session 28.09)
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PROCEDURES FOR EMPIRICAL DETERM IATION OF EN -ROUTE CRITERION LEVELS

Michael H. Moncrief

Recently there has been increased discussion among educators about

designing instruction for mastery learning. This discussion has often

revealeda lack of clarity as to the meaning of mastery.

In an educational context mastery of a tasrIenerally is considered

to have been attained (a) when an :Lndividual demonstrates sufficient.

proficiency to perform a given,function, or (b) when he can perform veil

enough on that task to benefit from being advanced to the next.

Using the first criterion, it seems` reasonable to say that a

student has "mastered" a given instructional objective when he can be

expected-to perfOrm satisfactorily in those situations typically found

in his everyday life that call for the use of tat which has been

learned. This. means he must be able to,retatn and apply some minimal

amount of what he hei.learned.
. .

The other educational criterion used in defining mastery is the
.

0

ne moat frequintly used and is much easier tb determine empirically.

/)
.

.

.. ,1
,;:.

As:dieser (1963) suggests, "idifitery" can beused to specify the minimum
,

.

'.,proficiency the student niede. to demonstrate before going on to the

I

,next inStructIonal unit in a sequence., Using this definition the most
1 .

1 :
'

,

'!.efficient operationalization of mastery would seem to be that proficiency
,..

. i

1 r
1 level which maximizes the subsequent progress elf.studelltsthrough the

, instructional units.

Currently available individualized instructional. paogramshave

.

specified their mastery levels,and thus their instructional management

s



decision criteria, mainly on the basis'of.intuitiVe lodgment. Some

zmOirical data are needed for use in establishing 'mastery levels"

which maximize the eflicienc of selected instruct

decisions.

onal management

. ,This study Vnvestigated the validity, as inst

decision rules, of the preset en- route criterion

associatedwith a selected group of instructional,

4
individualized mathematics 'pregram. The vnlidati

in Varies of delayed retest scores And in terms of
___, _

"through the instructional ,continuum. The empiric

this study were used to suggest optimal performan

ctional management

evels (ECL),

bjectives in an

was conducted

ubsequent progress

data gathered in

standards for use

with the selected objectives. The study also ex ined the cost/benefits

a ociated with the use of ECLs derived by empirical procedures. ,

Explanation of Terms

There are many tasks involved in managing an

instructional program." This study, however, was

very specific subset of those tasks. ,The specif

interest were those concerned with directing atu

a continuous individualized instructional progr

the term "instructional management" is used to r

management tasks. "Instructional management dec

those decisions, made on the basis of ECLs, which

or not a student is ready to advance to the next

sequence.

individualized

irected only At c

.managiment tasks of

nt progress through

In this study-

er to these

ions" refer to

determine whether;

earning task in a

. In the context of most individualized inst

Including the one studied here, instructional ma

tionallTigr"10,

gement decisiOns are



made on the basis of crtterion-referenced tests. These tests are designed

to measure a student's performance in a prespec led domain thathas

been o?erationally defined. The score on a criterion-referenced test is

thought to indicate the degtee of proficiency that a student has attained.

on that Specific objective. In order to proceed from one learning

objective to the next, a student must: demonstrate aoertain-degree of

proficiency on the first objective, i.e., he'must meet or surpass'the

performance standards or criterion level for that objective. Such

proficiency levels are often referred to as "mastery" leVels and 'a

4.

student who scores at that level or above is said to have attained

mastery.

The use of mastery levels is found in many of the recently developed

instructional programs. For instruction using mastery levels the

typical paradigm, illustrated in Figure 1, requires the student to

attain a predetermined criterion score on each objective or unit of

instruction before advancing to the next unit;in the sequence. Usually

' I

any student who fails to reach the criterion is recycled through that

segment of the program, often receiving some form of remedial instruction.

Recycling. is continued until the desired proficiency 10 demonstrated.

This is the procedure followed by most of the current individualized

ti

instructional programa, including Individually Prescribed Instruction.

(Cooley and Glaser, 1969), Project PLAN Program of Learning-in

Accordance with ,Needs.(Flanagan, 1968) and Individualized Mathematics

System (Iionside, 1971). It is also the paradigm useji most Computer.-

-Managed Instruction projects (LaWler, 1971).
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Identify student's initial
placement in the program.

4

h.

Pre-test to diagnose areas of
weakness in upcoming unit.

Prescribe Instruction
for areas identified
as not yet "mastered.

Instruction

Post-test to check on the
attainment of all objective
within that unit.

no

Figure .-- General Paradigm of the Instructional Management
Process in Individualized Instructional Programs



There are some very real costs involved in procedures requiring

the use of mastery tests, but there ',ate even greater costs, involved in

any incorrect instructional decisions made on the basis of these tests.

In most individualized programs, for example, a student Who'scores just -

below the required level is recycled through that structional unit.

This recycling could be considered, unnecessary if, had he been advanced

his subsequent, progress through the program essentially would be unchanged.

This procedure incurs unjt6tified costs to the system in terms of

instructional time, the unnecessary use of materials, limiting the

progress of the student, and a decreaS'e in his motivational...level. MUch

the same cost also would be involved if a student'weliallowed to advance

before he had sufficient proficiency in the prerequisite Wills needed

for a reasonable probability of success on the subsequent unit.
*04

To date, metery levels have been set on an a priori basis. To

optimize the probability-of making correct . instructional decisions an

empirical basis for establishing criterion scores is needed. If empirical

procedures are found toj)roduce decision points which are significantly

different from those established on an intuitive or. purely "theoretical"

basis then the application of thbse procedures could make a substantial'

improvement in the operation of individualized instructional programs.

Such procedures applied to appropriate instructional programs could be

expected to facilitate the progress of students through those instructional

sequences and thus reduce instructional. costs. Whether or not, is

reduction represents a substantial savings largely depends on the costs

of applying the empirical procedures., The current practice in many

a
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instructional programa is to establish the same criterion levels for

all students-ovevall objectives, Some-evidence is needed pertaining

to the soundness of requiring'uniform levels of proficiency over all

objectives and over all students. As the nuMl?er of individualized

programs of instruction being developed and im0.ementid increases, to

does the need to-come to grips with these instructionalideSign questions,-

Criterion-Referenceld'eltsaadattruIcIullE4EIINETEss.

The question of the appropriate, uses of- criterion-referenced.and o

norm- erenced measures is still somewhat unsettled. Convineing arguments,

however, have been presented for the use of criterion-referendedAssesa.

ment'procidures in making instructional-manageient decisions (Glaser,

1963; Gagne, 1965; Popham and %leek, 1969), Criterionreferenced teats
ft-

are designed to provide ,nformation about the degree of.Competeney attained

by individual students irrespective-of.the performance of others. The

use of suph tests is required in programs where "mastery learning" is
I -.

the-goa1/(Airesian, ),971), in individUalized programs (CoUlsen and COgsw11,
i .

(

1965) a d especially'in the management of such instructional programs

(Kriew 11, 1969).

The Establishment of. Criterion Ieveld

Q.

Performance levels have been used in education for a long time, but

their use in connection with criterion-referenced tests was mainly

fostered by the increasing popularity of programmed instruction and

Magees (1962) work on instructional objectives.

Since Bloom (1968) popularized the term "mastery learning," it

generally has been agreed that the performance requirements should
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represent "mastery" of the objective being learned. However, the

Particular criterion levels used in any one program are established', at
-N

best, on the basis of experienced judgment and intuition.

Although a number of writers suggest that ,they are designing

instructional programs around the idea of mastery learning, there is

great variation in the way they have operationalized mastery. A recent

survey of a number/of instructional programs indicates a tendency.to

specify a rigid criterion selection policy within A given program. It

also was reportedly not difficult to find programs "where highetf,.

criteria are selected in the mistaken belief that this will result in

.a better quality of learning product than will a system having a lower
4

criterion" (Kriewall', 1969, p. 52).

The lack of any specific agreement as to the operational meaning of

mastery learning also can be seen in the way criterion levels have been .

established by those who purport tO-be developing "mastery learning' in

their instructional programs. Mager suggests that one way to determine

"how excellent (a student) must.be before we will consider

satisfactoyy ... is to look over the examinations you use., They will

tell you what you are using as standards of performance ..." (Mager,

1962, pP.-51-52). Bloom (1968) reports having us. .a procedure Similar

to that outlined by Mager. He established his. crit riompoinis for one

Class on the basis of the Standards used in grading'the.students in the

previoUs'yearss classes. :

As Block (1971) pointi out, at-present there are no established,.

rules for setting mastery standards and, until there are, instructional

designers-must rely on procedures similar to that used by Bloom or set

Alop



'the standards on a purely subjective basis. .However, the uSe of each of

theie procedures haw yielded quite varied results.. In a program designed

to teach reeding skills, mastery has beep defined as 95% proficiency

(Hackett, 1971),. In contrast, the Individually Prescribed InstruCtion

(IPI) project has generally operationalized mastery_as 65% proiificacy.

- ,

(Bolv1r, Lindvilla,and Scanlon, 197; Glaser, 1968). The. Individualized

Mathematics System -(IMS) hai defined masteryIn.terms of varitput,'.

performance levels depending on the number of test leemaAndthe impor--

tance -of the objectives to future learning (Ironside, 40.thOugh,

theittls. test authors were asked tc establishOastery scores above the:

75% level, in practice IMS has a range of profifiendy levels from 66%

to 100% lwith the most typidalevel being about 80Z.

Thus far criterion standards have been variously set Wadmittedly

arbitrary leVels (Bloom, 1968; Kriewal,. 1p69; Merrill, 1971).'. There

has been no empirically verified prOcidure f6r establishingthe criteria'

upon which to base the type of instructional manegement-deCisions considered

in this study.

Tle EffictivtLISEE_EVattaktEEELEULuttailt

Most of the research conducted. in the area of mastery learning,

has dealt with the. general overall effectiveness of the strategy. Such

research has been-Concerned with testing the hypOthesia that it is

advantageous to have studentS demonstrate the attainment of intuitively
I.

established minimal proficiency levels. There:has been .no research,

with the possible.exception.of Block's (1970), designed to determine

optimal proficten4 levels or the method of arriving at them.



Mastery learning strategies generally have been found to be successful

'in terms of both cognitive and affective results (Postlewet, Novak

and Murray, 1964; Biehl4r, 1970) especially when success is defined in

----:terms of the percehtage4f students attaining previous grading standards

and receiving top stades (Mayo,.Runt and Tremmel, 1968; Earth, 1970)'.

Even though there is no empirical basis for whatever particular perfor7

standards are used there is evidence that greater learning is

.."'" achieved by students required to atiacin some criterion performance than

by students for whom no requirements are made (Block, 1970; Lawler, 1971).

Need for,Empirical Evidence in Defi Criterion Levels

The fact that criterion levels have been established more on the

basis of the intuition of the individual instructional designers than 0

on the basis of empirical evidence does not mean that the instructional

designers are insensitijie to the need for such.evidence. On *_Tie contrary,:

Anany of the writers as well as other concerned educators and psychologists

have.discusted the tiasii upon which cr.trionlevela should be;ests.biished.
.

Maser (1963) has. suggested that we need to Specify the minimum proficiency

levels the student needs before going On to:the next instructional unit

in a sequence. Although the difficUlties involved prevented them from

doing so, BlooM, Hastings and Madaus (1971) note the desirability Of.
. \

,tr;

using carefully worked-Ont4erformance standards.:-- They, alsoAijCuitathe
, ;

impOrtant relationship between "appropriate mastery levels' and student .

motivation.

0

One discussion which summarizes Part of the -need for empirical .

411151fence related to performance criteria is prese ted'in a manual foi:



thes1P1 InseLte.

The deterviinetionuf specific mastery levels for, various
subject matter is an experimental problem :which needeto
be studied. HOW much mastery should be, required, for

example, in learning baticaritheetic facts
on to an advanced topic? ls more rapid learning aqd
better retention achieved if &studentia permitted-to:4o
on in `a subject matter where advanCed:lepaont:depend on
previous lessens or is it besttd requirafen.earlyhigh
level of4mastery? (In team/rind tyPingfer:.exemple it

way be beat to 'permit the beginning typiWto make errors
without chiproMiding her $00:130_that:e*Ontually..00th:
speed and adcuracy are learned effiCiently...)
Lindvalland Scanlon,./967i p.

t

Mastery lairping requirements, though; only .intuitively established

generally have'bein foundto,beoeffective. teemareaa910,04 then,

tiat:an empirical investigation of the Mostlifficiehet0#31

'definition of mastery for pafticuldr instructional pr grams could

expected to increase furthr the effectiveness, and/afficienereftneh

programs.

'Realizing the need for some evidence to:he/.0'estahlith:the

criterion scores. used in mastery testing aituatiehe, Block

investigated the effetts, both cognitive: and affeetive* of r0414rOV

-we
the attainment of various pre - established "mastery,' levels.- Inthat

study, ninety-one eighth grade mathematics students

with a one week instructional program on matrix algebra. The instruction

was. presented in three sequential units. Students werandomly

assigned to different gro4ps which were required to attain and. maintain

selected mastery levels (no requirement, 65%, 75%, 05%, 'and 95%) on' each

were predeuted

unit as they advanced through the program. Block found that the perfor-

mance of etch of the mastery groups was greater than that of the group

for which no criterion level was required. He also found that while
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the highest, mastery level produced the greatest cognitive- learning,

it had a negative effect on student: interests and imtitudee, suggesting

that a somewhat lower crieericra level would be.more advantageotts in
.

.
terms, of the balance between cognitivaaed five resu/tio:

The Block. inVestigation differs fr om. the prea,nt, study in .cfow
.

important ways. First, the .Block study was:conducted the context

of a relatiVelf brief and self-contained .iiistrudt4nal program,. Seconds
,

the studeits were not only required:to attain si-given degZee.fg proficiency

on each unit, but also to maintain that azse..degree'of piviiciency,

they'advinCed:froM one unit to the next. Thitils'.inottiaeLtlypical

paradigm utilized in most instructi4al programe.`, Most important,tre

Black study viewed the crizerion levels as treatzaen .-veria es rather

than decision rules. Thus, there are corresponding methodological

differences.

yerbe Process of Validating Decisions

To makinize the 'efficiency.' of instruct .oval snag rent
.

.some evidence 'in needed aa, to the prOficienCy required on '3 -.given

objective before a 'student .cart 'be, ted to continue .successfully:
.

through the instructional program retain'the Material at 'has been,
:

learned. OaticellYthie mmountstothe 0 11ehment of misiterti

whiCh- Will be used is decisiOn .rules,: to predict, fittuse.,perfOzieenc.

In using mastery teats :instructional dOsigneri,, Should be ioncerned.nOt

only with the content validity of the tests, but iileo.wtth the,rief4:47

`oftha decision rules represented by the;criterion scores.
. r.
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-Cronbach (1970). suggests that the "validation of a decision rule

logically requires, an experiment in which after beingested, persons'.

are allocated to treatments without regard to the scores whose usefulness

is being validated. The outcomes o5 he treatment are then.appraised."

'Cronbach also suggests that the emphasis not be on a validity coeffiCient

but rather on the relatAnshiObetT en, the outcome measure(s) and the

test score. This procedure is.-valid only insofar as the validating.

criterion is truly representative of the outcome we wish to measure.

1

METHODOLOGY.

The specific questions asked in the present study were

(1) How"valid, as'instructional management decision riles, are

,the preset performance criteria associated with.a selected group of

instructional objectives (a). in terms of sublsquent progress through

an individualized instructional continuum, and (b) in.terms of delayed

retest scorei?

,(2), On the basis'of the data gathered in this study, what is-the

apparent optimal performanCe criterion .for use with each of the selected.

objectilies? '.,

--

----,------__

(3) fan the, basis of this study what, if eny are the,-probably

cost/benefits which could be expected from the use of criterion levels

derived by.empirical procedures?

Curriculum Context

To obtain data which reflect the effects of Op independent variable,

pezformance criteria, a number of requir nts were imposed upon the
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urriculum context in which this study was conducted. It was critical

that the study be conducted within the context of.an instructional

program which makeS instructional management:decisioni on the basis of

"mastery" scores. fThd4rogram also should have been field tested to

insure that it was operational add generally effective.

The program selected for.this study was.; the Individualized

Mathematics System (II S) This progratewap flevel4ed by; the National

.Laboratory for,Nigher.Educati6n and field tested-during the 1969,70 aed

1970,71 school:years (Fnry,' 1t 971). IMS'uses a variety of instructional

techniques toLteach the many ebjeitiVes found in its purported hidiarch-
o

ically and logically sequenced continuum As in moat individualiied
.

4%,
programs, student'progress is Controlled by the decisions made an the

.

basis of the posttests administered.at the,end of each instructional

In the IM3program each unit is composed of a number of objectives.

Although the posttests for all unit objectives are found at the 'and_
. .

of that unit, the advancement-recycle decision, la.made en tho'baiis of

each separate objective"-posttests. ThUs, after taking a unit,postteves

a student is recycled through that part of the instructional program

related tc those objectives, and only theaeObjectivia; for which he

failed to achieve a "mastery" score.

aelEational Definitions:

For the purposes of this study the students' pestinstructional

proficiency levels were measurad'brthe'positests supptied by'theLLMS

' 'instructional program. Reterotion. was Measured by the upe

tests developed using the !statement of the objective and the existing

teats' of that objective as guides. An indication of a 00dent's.
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subsequent progress through the program was obtained from his. posttest

score c:411 each objective in the next sequential unit of ins ruction.

Setting{

This study was conducted during the last half of the 1971 -72 school

Year in the American Elementary School in Karlsruhe, Germany, as part

of that school's overall attempt to individualize its instructional
;15

program. The Karlsruhe school had en enrollment of about 1,000 pupils.

The children came.from a variety ofeihnic.and economic backgrounds..

Most were the dependents of Army parstrnel, both military and civilian.

Being the only American school in Karlsrdhe, it also served as. the

QL_k
educational institution for the children of most of the ;businessmen'.'

residing in the area.
1

Subjects

The subjects used in this study were eelectO fiejonemoog thOte.:

pupils, at Karltruhe who were working on a 8Oct:fled:subset ofIGMS

objectives during'thetime the study was being tonduCtech ft Seems

reasonable to.suspect that the sample of itpils working ii(thate Units.

during this given time period were representative of theAirlstuhe

pupils.for whom the units were appropriate. A furOet description of

the selection of the subjects is pretented in the next section.,

Research Design and Data Gathering Procedures,

This study was deiigned to.investigete the validity o the go/no-go.
-.

decision rules associated with the postteets foUnd at he e of a
,

\ 1
selected set of instructional units in a sequential individu i progrtM..
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The general procedures followed in this stdywerethose suggested by

Cronbach (1970) for the validation of decision 'rules. To study;, the

accuracy of the decision rules associated with(9a particular unit, t

subjects Who took the posttest for that unit were advanced to the next
,

sequential unit without regard to their posttest scores on the first

unit. For'convenience these units are designated here as A and B,

respectively, with subscripts indicating the different pairs involved

in the study. A retest of,the unit A objectives was administered as

soon after the unit B posttest as possible. The data gathering design

for each pair bf units followed this order:

. Unit A- Unit B Unit A4 - °e-
Instruction4Posttest ! Instruction4Posttest Retest.

Figure 2 shows the units within the IMS cont um which were

selected for sty,. As shown in Figure 2; the IMS continuum consists

of ninety units organized by topics and levels of difficulty. Each

unit contains from one to eleven objectives. Generally, a pupil moves

through this sequence in order, that from top to bottom and left

to right, each unit purportedly building upon the preceding units.

The four program segments shown in Figure 2 were selected on the

basis of the identification of the concentration of dependable student

data, the availability of instructional materials and, a growing awareness

of the difficulties involved in the collection of dependable data.

Implementation of the described research procedures was initiated

on January 18, 1972, with the actual collection of data beginning on

f
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February 7, 1972. Data collection was completed on April 17th of that

year. The data consisted of posttest scores for each objective in the

first unit (A) of each pair, posttest scores for each objective in the

second unit (B), and retest scores on the objectives in the A units

obtained from carefully constructed alternate forms of the respective

Posttests. Table 1 shows\the number of objectives included in each

of the units studied.

Ten classroomsswerlyinvjved in this study. They consisted of all;1

,

of the 4th, 5th, acid 6th grade classes at Karlsruhe except for those
!

fel in which the MIS program had not been sufficiently implemented to

provide a truly representative INS classroom situation.

Data were collected on all pupils who were: (1) in one of the

classrooms where data was being collected, (2) working on the specified

41.

units curing the time the study was being conducted, and (3) who, upon

completing a given unit A, were to advance to the next sequential unit

in the program.

The teachets and paraprofessionals at Karlsithe were dirtktiy

involved in tmplementing the design, procedures and.especially the data

'Collection activities requiFed in this-study.. The teachers'were asked

to make certain after a subject completed a Unit A posttest 'he didnot.

do any further work in any INS material for that unit. However, the

subjects lereLexposed to the.ongoing instructional iTograms preiented

in their respective classrooms. At times this itclu ed exposure to

AP
material on topics related to those which they had jut studied.

After completing a Unit B posttest each subject'was giVen the

approptiate retest. The teachers and paraprofessionals were asked
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to administer the retest as toon after the Unit B posttest as

possible. Often this was either the same day or the next. Due to the

record keeping procedures in a. few classrooms it was sometimes two or

three days before the retest was taken by a subject. Due .to the

continuous monitoring of classroom activities, testing procedures, and

INS records, it was 'lever longer than one week between Unit.BAmsttests

and,the associated retests.

ANALYTICAL14618BDpRES AND RESULTS

Validation of Pro ram Performance Requirements and Identification of
Qimal Criterion Levels

The decision rules.investigated in this study were those associated .

with each objective found in the selected four IMS units; Fractions IV,

Ti me=IV, Numeration V, and Multiplication V. Data were gathered on AP
r. .

different group e:of pupils for each of these four units. Table 2 shows

-
the number of subjects for whom data were obtained for each unit. The

four selected units contained a total-of twenty objectives. Thus, there

were twenty decision rules whpse validity were investigated in the

present study. For. convommience, these objectives are often referred to

by their respective reference numbers, as presented in Table 2.

In analyzing the validity of these decision rules the scores on ,each,

objective posttest were dichotomized at all possible decision points.

For example, where an eight "item posttest was involved, the, subjects
. ,

- were classified as go_or no-go on the 'asts of those who scored 8, 7 or

higher, 6 or higher and so forth. Each, of these dichotomized groups,

which represented different decision rules, were cross tabulated with



REFERENCE NUMBERS, CORRESPONDING IMS DESIGNATION, NUMBER
OF TEST ITEMS FOR EACH OBJECTIVE, AND NUMBER OF SUBJECTS

.

PER OBJECTIVE

Assigned INS DesIllatlal N er of NuMber of Subj.
Reference Objective .As ociated for Whom Data
Number Unit Number Te t IteMs Were Collected

Arl 1

A-2 Fractions 2

A-3 Level IV.

:Ar4

Ar5

A-6

A-7 Time
A-8 Level IV

Ar9.

A-le

A-11

A-12 Numeration

A-13'
Level V

A -14

Ar15,

Ar16 MultiplicatiOn
Ar17 Level V

A -18

A-19

A-20

3

4 I. 11

75

1 3

2

3

4

5.

1

2

3

6

4

4

6

6

4.

4 13

1 6

2

3 23

4 5,

5

6 6

a

.31

26



each of the dichotomized validating criteria to form a series of 2 X 2.

contingency tables and a contingency coefficient was computed for each.

These contingency coefficients were then used to judge the validity of

thm-IMS program decision rules and to identify the apparently Optimal

decision point or mastery level associated with each selected objective.

For clarity, the meaning of the terms performance stindards,Ariterion

level and-mastery level, which are used interchangeably, need tolm

explained in the context of the present study. Host of the discussions

about mastery levels define them in t f some percentige.ecere. In

many instances, these definitions or descriptions of the required performance,

levels are mialeading, at best, when translated into actual prograi

reparative. procedures. For example, suppose an instructional program

purports to be requiring A 95% criterion level, but is using tests of

less than twenty `items. Then that program, in actual practice, is either

requiring a criterion .level of 100%'or some performance which might be

substantially below 95%.
,

To avoid diserepancies:and because of the veriation..inthe len

-

of many 1MS posttests, performande stindards are,reportell for this
e .

study in terms of the number of-correct item responses required. Thus,

0
'When the program performance criterion for a given objective is reported

at a pupil bat; to get at least 7 items

correct On that post.teii before he Would be advinceeitothe next unit.

Similarly a suggested optimal criterion- level of 6 on that test means

that according to the data obtained in aa'present investigation, it

apparently would be maximally efficient to base the advancement decisions

as beilyggpvel 7, i
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associated with that objective on whether or not a score of 6 or higher

bad been attained. To make these performance levels meaningful and

interpretable, the number of items associated with each objective is

given in Table 2.

As represented in figure'3, two criteria were used in selecting

the optimal decision point associated WithHeach,Objective, (a) there

must have been a significant (a< .10) contingency coefficient

between scores dichotimized at that point and at least one of the

validating criteria; and (b) the/number and magliitude of significant

contingency coefficients between it and all validating criteria must

-.have been maximal, i.e., greater than any set of significant contingency

coefficients associated with any other decision point.

If, and only if,,the IMS'decision point was optimal as defined

above, was it designated valid as,a decision rule. If the analyses for

a particular objective produced an optimal decision point for that

objective which was other than the one given in thee IMS program, the is

program deCision rule was designated invalid, and the optimal, decision

point was designated as the valid decision mile.

If the analyses for any given objective y

,

aided two-or more-

decision points the number and magnitude ofwlpse respective significant

contingency coefficients were approximately qual, and if the IMS

decision point was among theme it was desig ated 1:Aalid as a decision

rule. If, however, the IMS decisiOn'poin was not among the contending

points, that contending point which diffire6ileast from.the,IMS-deciiion
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point was designated the optimal and valid decision7 rule. This procedure

.

efinimizes the number of students affected by a change in mastery levels,

when that change is between competing decision points. It Chee yields

the more conservative estimate of the cost/benefits discussed. in section

three of this chapter. This procedure afso lends Some weight to the

intuitive knowledge of the instructional designers as reflected in the

a Eska program mastery level.

If the-4nalyses for a given objective produced no statistically

significant (a< .10) contingency coefficient heeween any of its ,

possible decision points And any of its' validating criteria, the optimal

:decision point was considered indeterminable.

To clarify and illustrate the analysis and reasoning used to

investigate the validity of-Aehe selected IMS decision rule* and to

identify the apparently optimal criterion level for seal objective, a
%;,_

description of this process is presented for two objectives. These sr.

the objectives found, in the IMS unit Fraetions Level IV, and designated

eteebjectives A-2 and A-5, on Table 2.

InITables 4 and 5 only those decision points are presented for

which t re were computable chi squares, since without them no contingency

coefficients could be obtained. A-chi square would not be doien able

when any two adjacent cells of a 2 X 2 contingency table are empty. A.

non-computable chi square can be interpreted as a lack of any predictive'

power between the posttest scores dichotomized at that level and the

associated validating criterion. As shown in Table 3, when there where

no pupils in either a column or a row there is no relationship between

the decisions made on the basis of the posttest scores and the dichoto

elated scores used to validate those decisions.



114104PLE 2 :01 2 CONTINGENCY TABLES TilFtEBE CSI -SQUARES
. ,NOT, CON#UTABLE'

a)
She on
Validating
criterion R17

A45

'

b)
.Score, on 1
VadriOattring
Ciitarion

attained sta.st,ery"',score 4 "adyanc,..)
failed to attain limatitetyw score (re-ccle),

Tabli -4 presents es; cOotingeocy,coefficients associated with

Objective A-i aid the carraspoud g validating criteria. Note dant
.

little there is a significant relationship betwini deci iots:irt o. on
.

basis of the program' establishid ssisitert. level end retest ticories i

Li not the .dectsicin point Whiclt iviimisea that relationship, The leant
tiE

which shows the etruugest signikaut tilatiOaShips vita

der va idat1ngr criteria level 7. .11a# -vision ottiti; .440401,04

on Table 4 Ay symbol C is the one which the data '.suesept would have
.

yielded the greatest 'weber of correct- edvaticetraciale decisions.,

In the context of this Study an instructionci iianalienent decision

iutopelated with - given objective was /libeled Neorrietit:If....s pupa-was
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Table 4 -1e 4

CONTINGENCY COEFFICIENTS: CONTINGENT RELATIONSHIP
BETWEEN THE ATTAINMENT OF SEVERAL SUBSEQUENT

PROGRAM CRITERIA AND SEVERAL LEVELS OF
PERFORMANCE ON OWECTIVE

(11P21e21DLA72.
LeiTE17-AW-TTest

Subsequent1110_
B-4,

9 % .0 .1641 .1173- .0197 .1289

(8)' .2878 4495 .1028 ' .1385

711 .3672**. .2860** --2:12,524** .1244 .0999

6 .2740** .2449 ** :2384*, ,.0822' .0487

.2653** .2359* . 4910 .1415 .0804-

4 .2591** .1327_7- ..4,!)68 .2263* -.0171

3 .1914 .1736 .1450 .2402** .0397

2 .2534** .1342 .0187 . .0139 ,' .0847

N 62

* p < .10
** p 05

A.

* beside level indicates apparent optimum

0, parentheses designate required program mastery level

advanced to the next unit, and then performed satisfactorily on the

first set of posttests for that unit and attained the required score

on the 'retest. A recycle decision was also labeled as "correct" if,

had that pupil been advanced,' he would have "failed" altbit one of the

posttests in the next sequential unit of instruction or the retest.
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Following the previously described guidelines, level 5 wes identified

as the apparent optimal criterion level for Objective A-5 (see Table 5).
, 1

Of the contingency coefficients associated with Objective A-5,-those

computed using criterion level 5 are the largest and are significant for

four-fifths of the validating criteria.

Utilizing these same procedures, the validity of the program mastery

levels were judged. Apparent optimal criterion levels also were

identifiel for each of the selected 1MS objectives. Table 6 presents a

summary of the results forall twenty of the investigated instructional

management decision rules.

The results summarized fellable 6 offer evidence to support the

validity of three of the twenty selected 1MS instructional management'

decision,rules. The data indicate that, for these three objectives,

the program establikhed criterion level would maximize the number of

correct instructional management decisions.' No change is suggested for

tge criterion level associlated with these objectives. This is indicated

1

by the Word "none" in the Sppropriate column of Table 6.

.1011%

'-For five of the selected objectives no evidence Was. obtained in

the_ present investigation Which would suggest that any of the pOssible

:decision points provided by the respetive INS tests could be of value

in predicting subsequent !pupil performance

As shown in Table 6, the data indicated that a change in the

criterion level required for the remaining twelve objectives Would

optimize the relationship. between the decisions made on the basis of

those criterion levels and the respective validating criteria. Of those

twelve suggested changes, four require an increase in criterion



Table., 5

CONTINGENCY COEFFICIE S: CONTINGENT RELATIONSHIP
BETWEEN THE ATTAINMENT OF SEVERAL SUBSEQUENT

PROGRAM CRITERIA AND SEVERAL- LkVELS--0P---
PERFORMANCE ON OBJECTIVE A-5

Objective A -5 Subsequent Unit Objeaive
Level Re-Test 8-1. 8-2 B -3.. B-4

7 .1140

(6) .2634**

.3546**

.4 .1134

3 .1911

.1781

.2236*

.3279**

.075,0

.0283

.0324 .0564 1352
.1764 .1244 1631
.2162* .1733 .2124*
.0153 »0766 .0219
.0261 .0342 .0738-

Nst 62 . .4.
* p < .10

.** p < .05

beside level indicates apparent optimum

() parentheses designate required program mastery level
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performance while`the other eight indicate a lowerin of the required

performance levels.

Table 6 shows the number and percentage of pupi s who would' have

been affected had the suggested Criterion-levels'bee used rather than

the program established criterion level. The figure in the percentage

column of Table 6 represent, for each objective, the ratio of the number

01&41444044A00.01404aV$04110440,0a44114041100, P.70417- the

trotartaiii4i6taubja6is,:41iii1016m datertilated to that objective were

collected. As shown Table.2, this last number varies depending On

.

objective. :These figures provide an indication of be degree Of4natructionaly-;

efficiency to be gained by using the suggested optimal criterion points.

These data can be used to estimate the cost/benefit of empirically derived

criterion levels.

Cost/Benefits

In investigating the value of empirical procedures for deriving

criterion levels, it is necessary to examine the cost/benefits which

could be expected 'from such procedures. This entails an estimate of

the instructional efficiency; which would, be gained from using empiFiCally

derived criterion levels. To accomplish this some reasonable approximation

is needed of: (a) the cost of each incorrect instructional decision,

(b) the expected percentage of increase in the correct instructional

decisions using empirically based criterion levels, and (c) the number

of instructional management decisions made per year4ier child in the

operation of the program.
k

Tha cost of each incorrect instructional decision can be estimated

by multiplying .the cost of each instructional period by-the number of



periods consumed by each decision. The estimated cost. of incorrect

instructional decisions is computed here on the basis of data related

to the opeirationof the Karlsruhe American Elementary School.", The

best indication cof-, the per pupil cost of edpeation in that adlocil for

one year is reflected- in--the yearly tuition fee. A eat
is charged by the Department of the Arey.tO;nonaOvertnete

wishing- to enroll' their dependents. As with Elitist 'element

there are aPprOximately `Si* instructional periods per ctiy. for ead1 Of

the 180 days of school, o'r a total of 1080 instructional pert aged

on observations', and anecdotal 'coaants tiers usually is aboUt a 'ti4e,
day period between the time.a pupa is recycled and the time be 1-ititedg.

that post-test again. Using this. inferiation the -cost of :-.ems -inCorreCt

instructional decision is estimated es:

$875 1080

Cost/Child/ No. of
Year Instructional

Periods/Year
.

$ .81 3

Cost/Child/
Distrctional
Period

-,"
The results reported in section one of thili.chapt

Instructional
PeriOds InVolved

, in lath Decision:

for twelve of the selected objectives ,the data suggest'sa .

criterion level which is ciifferent from that required. in the
. .

Table 6 shows the number'of subjects who- "would have

the suggested optimal criterion levels been utilised

program established mastery levels. A totaling of this'column on Table 6

's9*. A.
.T..4Pg=t,-Y,'",



also shows that altogether 91 advance/recycle instructional management

decisions would have been affected. This repreSents:-a littleisere than

10% of the total number of instructional deciiions considered in this

study. Therefore, on the.bagia of. the, gathered irCthis investigation,

ft is estimated that using empirical deriyed-4rfe*mance standards

.the, accuracy of approximately 10% of the trUcti *Went

4e4ISLOnz:Neuld.hcaiigoVal4;.:

According to ?rat* (1971), the average pupa *0

complete about thirteen Miitadisring a

approximately five objectives :Per nmit Is as

average pupil will'enconnter sixty iae.:

during a given school year. If theuse

levels Would increase the accuracy by1.0%.

Would:meele the elete,effieteet-.use of sheet

time per:child per year.

This dollar value is based upon 'an lest

which in turn ,was derived from an annual per

1080 instructional periods; three of which'were en*

instructional,decision. Variations in annual per iupil eicpiturep

=would directly affect the estimated' cost' per child;:,but variations in

the length or number of instructional periods. probably would not; since

one is dependent on-the other.

DISCUSSION

In. the INS program, ae inmost other individualized instructional

program' the attainment of the required criterion oriMastery,score

v

ts.4
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each objective has been used to decide whether or was ready

to advance through the instructional sequence. Thus, the mastery levels

associated with etch objective functioned as decision .rules` used to

predict subsequent pupil performance.

There were two primary purposes of tharpresent study. One was to

investigate the-Validity, decision rules. for pre.redicking'subiiiquent
..

akt-l*saat*Irg auep#4,444arth a;.-aelitates045, of:

instructional Objectives. The otheepurpotie was to" identify, on

basis of the empirical data gathered, that "criterion leVei ,for each

objective which could be:expieted to optimize the nuMber of correct

instructional deCisions.

The procedures used in this investigation. appeared.:to_befairly
.

,

successful in identifying the apparently.optiinaltriterion'leveV.:tor

the selected objectives. However, only three, i5%, of :the. optimal

criterion levels identified by the data were the same as th
. , .

levels intuitively established by the program: Thus, the pro .

used. by t e instructional designers, were not vOry,ticcrate., to re ifyingti
. _

optimal criterion levels. ApPnrentlY, use'. of empirical date call

make a substantial,improvement in the process of satiblishing #tit40ion

'levels .-

Etar,Of the currently available individuilOed:'ItistrUat
, .

require the same. criterion or =notary level; often.difined its."

/ programa

ridio

suffer all objectives. The results of this investigation did het:land

. .

'support to that practice.
.

In this inisstigatiOn the-sUggested UPtibull drAerion were,
. - A

n some cases, identified on the batile of ,.gignificant relationships with



,_only_one_oritiop efT.the,Validirting::criteria.___TheriLare_three

explanations why 0.54fiCant relationships were not: obtained more/

frequen rirati;the absence oCAny significant relationship between

,s giyen o Sectlye poittest and:Certain-of:the respeCtine validating
.

..

be reflecting the lack of any truiAnt

or 'relationship:,between example, there at'

44,4444"44441114....... '04,04v

Isoesqu proficieney on opts of "the specific,

Zt is not, -howeyer,.:reasonable.'to.:sispect his -as,

often -low enteametimea non--significant relatien

`Posttest 'and' the retest of 'tnat.:ObjeCVve....,-.;_.
. ;:.

vontingenCivire explains factors

reduce -the obtained contingeneicOeff
.

The second factor Whie.krithiced the
"

coefficients between postteet /cereal

from the fact that this study was ccinaiia

operating conditions . Although teachers Were as

after' the subjects : completed any. :linir A ;.tpciatts

further work in any Dig material" for. that.. unit,-

to the ongoing instructional prograi presented

Classrooms*. in addition, a few 'teacher* reported;

becoeie part.,of the regular operating procedures, theY or their -aides:

sight have "gone`; over missed test it aome_subjects before

idvancing them to the next unit. The occurrence: of this,

instruction could be viewed as a methodological weakness,*

have been reduced bad the stUdy'bien condUctet uittler



oriented, conditions. However, the presentation of this'.- nitruction is

typical of the conditions that could be expected from any real claesroom,

situation where the,program had been implemented. Thus, it can'also bes

argued that the presence of this! additional classroom instruction does

not dstriet _from but rather_ adds to the representativeness of the data

collected.from this investigation,

Tha4hird:factot vh4011,,scrOCto-redncWiniber nf''s$10ifiOp4

.contingency coefficientsobtsined was the IMS tests -themselves. ;`The'

study Wes conducted within, the,.conStraints impesed by thei

and thus reliability of the IMS posttests. In relation to this it.

should also be noted that the selection-.of"the _optimal criterion'

any given objective was restricted to those levels made possible by the

length of the corresponding ills pOettest. It is quite possible: that

teets-tould be designed which 'would,not only have e&mentvalidity; but

would also have greater.reliability and thUs would be'more 'sensitive to

whatevez ,relationships did exist betweee:.,proficiency an the.selected''.

.

objectives and the corresponding validating criteria:,

One :of the main rationale, for instruction designed nat-the idea

:.of mastery is that at. least 9O of today' s learnears acs ca,

of attaining the desired goals aninstructio*al prograi..:if only they

'given .sufficient time place, 2968).. -4ccordingly,:io* pigrported '

purpose of mastery leerniiig.inatruCtion it to .reduck the pertien

of failure'fontd-in.conventional ino14.uctien. le bas bie*Angisistecritii7-77.

the elitination Of this failure especially in the.aleiseintasy.grades;

would have a substantial positive effect. on the ;i1.f-conCept :and sUbse-',,

quen;:acedemic performance of a large segment of our school population
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(Bloom, 1971). Specifically, this involves those pupils who have experienced

'repeated and continued failure under traditional instructional practices and

grading procedures. Unfortunately, the data gathered in this invests'
.luglest that although no longer graded'on the baiis of_campition with

other -pupils, some pupils are still_ jparicing.,failure in- mastery learning

situations. In the IBS psohis failure takes the ion!' of big recycled.

That recycling, was interprebodi as. failuparand hadAetinsiler
' I

attitudinal and motivational effectwas evidenced by riiiaeodotai coarsenta

'of teachers and pupils. These negative side-effeCts,of,reCycling have

also been found in other mastery learning instructional fituations

1970; Lawler, 1971).

Theie-lindings *phaisize the importance. , of identifying. parferMejiCe.

criteria which will minimize any unnecessary recycling of ppitile throng,

segments of the instructional program. In additiOn, if all: are
;

to attain "mastery!! of the required objectives in a,given:

program without experiencing theJailUre associated with reCyei

adaptations need to be made' n that program. One, 'would be

to accommodate individual pupil differences in ability through the

quality or quantity of instruction provided. The quality of insZruction,

however, is very difficUlit to regulate. The most common' current practice

in ~individualized instruction is to vary the quantity of instructi.bn

largely by adjusting the amount of7tim9. instruction is presented. To

minimize failure experiences these differences in the length of exposure

time need, to be made before the pupil takes the posttest rather than

on the basis of how many times recycling occurs,. Another alternative is



to- present instruction in a manner So that the pupil- is unaware that

recycling or remedial instruction has, occurred.
. .

' The estimated. increase in 'instructional efficiency reperted in'the

coat/benefiti section indicateithatthere is,a substantial instructional.

gain toy .14 eipaeied from the utilization' of empirically derived criterion

level s:;in te*.Log Instructional Management decisions. Whether this gain

is sufficient to justify the cast involved in obtaining these criterion

levels, however, depends upon the conditions under whichthe empirical

data ;arc gathered. For the typical school or distritt the required data

gathering :and ,analytical procedures would be far ,too costly,' involving

teeenrcesnot."generally available to them.:.

tor.the-:identificetion Of optimal criterion.leveinto be feasible

e. are et- leaot:.*44 cpisditf.01

44tiosii1*-4 ere diting,a

are` typically found in

iuktructional,,, progrent :are

the seCOO:,requireMiuit

edgent data

large. qUantity,:ef :4*c#

ofar .

," ,.- , . . ,
Whilethe,uasvo



operatiaii_of the_ Anstructioital progtami-AtB implementation for,data_

gathering purposes during a formative eyaulation ffeld test is
hiOaly- desirable. If a computer is used during this time, it would
be relatively easy to adjust the programming so that the data'needed

tor' identifying -optimal ievels- could be gathered ; also.

ibethird reqUiremmnt for the feasible and Cost efficient identiii-
.

cation of optimal criterion level's is that the cost of 'these prodedures
L. "

be amortized over a large number of users. Again, it would seem the

beat way to accomplish this is for the initial cost to be incurred by

the instructionel designers and then spread over all program pui§hasere.'

In conclusion, ',the methodology and results Hof the present investigatient51

suggests the,need for, further exploration #1 three additional Separate,

but related, .:areia.. The first of these recommended areas of research-,

relates to the feasibi/ity. of conducting the type of investigation reported

hero in a formatAwe evaluation setting using s MI In such a situation

it might also be possible to investigate what test, lengths and item

characteristics function most efficiently and yield the greatest predictive
as weIlas content validity.

The second area of research involves determining whether the

optimal cirterion level for a given objective is affected by the type of
learning (required in that'' objective, In other words, before a pupil cau

be expected to successfully advance through a hierarchically structured

instructional program, does he need to demonstrate a diff' rent degree of
proficiency_ on an objective requiring the attainment of verbal infornation

4-

-than on an objective requiring the *attainment of verbal information than

On an objeetive.requiring the use of iiime intellectual skill? moat



appropriate context' for answering this queetion might be a antenna

currienlum, duo to' the Large number of bnibtiies6t.iiiimini required

in thet.area.

Third, educators, and.especielly instruationel.designers, need to

sive more consideratiOn to a giber 'of important instrOctionelquestiongq

-What is twoitorri Why is meeterY, ei'deflued:in the program, riquired .

for a particular objective? :By whet stendardoreewittstrOctionel designers

judge whether the attainment of "mastery" ems given objective,served.

the desired purpose? To a very real degree, this'involves identifying

criteria which can be used to judge+, at least partially, Os-value 1p

well as the effectiveness of requiring mastery on Particular obifetives.

SUNKARY

Current discussions ebont'"mastery",leermieg and Criteriiin referenced

instruction reflect great' diversity in the way criterion-(orrammtory"),.

levels have been defined ands determined. Criietion-levals'within a

program are viewed, as decision rules used to judge rhea a pupil 3s reedy

to *Waage to-the next step in an instructional sequence

The puvoci"routhilir:study-wore to investigate the:.

,inetructionak,Menegement decision rein., of the preset. en-stOntai;eritetion

Aatvel, 0030.ssanciated with eelected:grOO*44 tional objectival!,
:

Anee:in4ividuelited-mithemetics_ test rpeaduiaa-far'

empirically determining optimel'ICLO. _The validation tv s ipoduatetin-
3

terms of delayed retest -seers* and is terms of.0111) dress
through the instructional coetinuue.-.Snbsequent.progrisaWas'ejertibmillY

' .

Wined as tetainingsthe'eoenired,perforienne laiel On the Objeiti!es.-
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found in the next sequential unit of instruction. The empirical data

gathered were used to suggest an optimal criterion level for each of the

selected objectives.

This investigation was conducted in fhe conteXt of the Individualized

Mathematics System (MS) as implemented in the American Elementary School

in XarlsrUhe, 'Germany. Subjects were selected from those .p7pils working

oe the selected subset of /MS objectives during the time, of the study.

Tt investigate the validity of the decision rulei,, expressed as, mastery

levels associated with the objectives in a particular unit, the subjects

who took the posttest for that unit, were' advanced to the:next iequential,

unit without regard to their postte t scores on the prat Omit. A retest

of each selected objective was administered as soon after the subjetta

completed the nixt sequential unit as possible. The data collected

consisted of posttest scores for each of the selected Objectives

.retest scores on these objectives, and posttest scores for each' obj

In the next sequential instructional unit. . .

The decision point selected as optimal for etch. ObjeCtive was tote

one which yielded the largest significant contingency coefficients with

the greatest'nember of validating criteria. The validity of the airl.cjA

mastery level established for each objective was judge on the basis of

whether it was the one selected as optimal for that objective.

The procedurei used in this investigation-ApPeared to be secetesful

in identifying optimal criterion levels for the selected objectivei.
. ,

terms of validatingChe.program mastery - levels, however, only 15% e4 the

optimal criterion *els ideAtiffed by the data were the. same as those

criterion levels originally established by IMS.- Thuii--the,precedurevuseik
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criterion levels.
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by the instructional designers were not very accurate in. identifying

optimal criterion levels. Apparently, the use of empirical data can

make a,substantiel improvement in the process of establishing_en-route

The increase in instructional efficiency estimated in the cost /.

benefits section of this report indicates that there is'a substantial

instructional gain to be expected from the utilisation of empiricaily

derived optimal criterion levels. For this gain to jusify the cost

involved in obtaining these criterion levels, however, it is suggested

that the data be.eollected by the instructional designers during the

formative evaluation field test of the prograusing automated data

proceSsing and multiple- matrix sampling techniques.f,

,t
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